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CHAPTER 1-9
AQUATIC MARCHANTIOPHYTA,
CLASS JUNGERMANNIOPSIDA,
ORDER PORELLALES: PORELLACEAE

Figure 1. Porella pinnata on Nyssa ogeche, indicating the high water line. Many of the species of Porellales included here occur
in this floodwater zone. Photo by Christine Davis, with permission.

Porellales – Suborder Porellineae
Porellaceae
Porella cordaeana (Figure 2-Figure 6)
(syn. = Madotheca cordaeana, Madotheca rivularis;
Figure 2-Figure 6)
Porella cordaeana is a species with many more
synonyms that I won't list here.
Distribution
It is a circumboreal species (Dia & Not 1991;
Schofield et al. 2002), with a highly disjunctive

distributionin the Northern Hemisphere. It occurs in
Europe, northern Africa, Asia, and western North America
from Alaska south to California and northern Mexico
(Clark 1953; Piippo & Norris 1996). It has been reported
from Finland (Sallantaus & Syrjänen 2005), Serbia
(Sabovljević & Cvetić 2003; Cvetić & Sabovljević 2005;
Papp et al. 2012), Yugoslavia (Sabovljević 2000; Cvetić &
Sabovljević 2005), the Carpathians and Sudety Mountains
of Poland (Górski et al. 2017), Estonia (protected; Vellak
& Ingerpuu 2012), Bulgaria (Ganeva & Natcheva 2003),
South Bohemia (Kučera et al. 2013), Montenegro
(Dragićević et al. 2007), Switzerland (Meier et al. 2013),
Croatia (Papp et al. 2013), France (Casas & Barrón 2003),
Italy (Aleffi 2005; Düll 2006; Campisi et al. 2008; Aleffi et
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al. 2009), Spain (Brugués et al. 2002; Casas & Barrón
2003; Elías et al. 2006); Portugal (Vieira et al. 2012),
Greece (Blockeel 1991); Turkey (Gökler 1998; Kürschner
1999; Ursavaş & Abay 2009), Faeroe Isles (Damsholt
2017), and Madeira and Canary Islands (Ekstein 2010). In
North America, it has been reported from British
Columbia, Canada (Hong 1981; Schofield 1988), and
Nevada, USA (Hong 1983).

Figure 5. Porella cordaeana ventral side. Photo by Hugues
Tinguy, with permission.

Figure 2. Porella cordaeana, a circumboreal leafy liverwort.
Photo by Hugues Tinguy, with permission.

Figure 6. Porella cordaeana showing underleaves and
lobes. Photo by J. C. Schou, with permission.

Figure 3. Porella cordaeana, showing its bright green color.
Photo by Jiří Kameníček, with permission.

Figure 4. Porella cordaeana in a moist condition. Photo by
Hugues Tinguy, with permission.

Aquatic and Wet Habitats
Porella cordaeana (Figure 2-Figure 6) is occasionally
submerged, on rocks in fast water (Figure 7) (Watson 1919,
as Scapania madothca porella). It occurs in the Danube
around Ulm, Germany (Muhle et al. 1974-1979), and in the
Platyhypnidium (Figure 8)-Fontinalis antipyretica (Figure
9) association, Thuringia, Germany (Marstaller 1987).
Similarly, Koponen et al. (1995) consider it to be aquatic in
Finland. It occurs in the Iskur River, Bulgaria, and its main
tributaries in Bulgaria (Papp et al. 2006b). In Montenegro,
it is reported at a stream, on bark of Fagus (Figure 18) in
the Tara River canyon and Durmitor area (Papp &
Erzberger 2011).
Porella cordaeana (Figure 2-Figure 6) is among the
bryophytes in Portuguese watercourses (Vieira et al. 2012).
Sallantaus and Syrjänen (2005) similarly found it on stones
in brooks in Finland, where one could also find Scapania
undulata (Figure 10), Lejeunea cavifolia (Figure 11, and
Dichelyma (Figure 12) species. In Central Europe, Jusik et
al. (2015) found it in calcareous mountain and upland
streams, accompanied by Chiloscyphus polyanthos (Figure
13) and Pellia endiviifolia (Figure 14).
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Figure 10. Scapania undulata, a species that accompanies
Porella cordaeana in streams in Finland. Photo by Hermann
Schachner, through Creative Commons.
Figure 7. Porella cordaeana on emergent rock in stream.
Photo by Hugues Tinguy, with permission.

Figure 8.
Platyhypnidium riparioides, a species
characteristic of some streams where one can find Porella
cordaeana in Europe. Photo by Michael Lüth, with permission.

Figure 9. Fontinalis antipyretica, a species characteristic of
some streams where one can find Porella cordaeana in Europe.
Photo by Chris Wagner, through Creative Commons.

Figure 11. Lejeunea cavifolia, a species that accompanies
Porella cordaeana in streams in Finland. Photo by Dick
Haaksma, with permission.

Figure 12.
Dichelyma pallescens; Dichelyma sp.
accompanies Porella cordaeana in streams in Finland. Photo by
Blanka Aguero, with permission.
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orientalis (Figure 16) alluvial forests of Turkey. Dia and
Not (1991) considered it mesophytic. Papp et al. (2012,
2013) reported it "at" the stream, but also found it on bark
of the beech (Fagus; Figure 18), on exposed as well as
shaded siliceous rock, in limestone grassland, and on
decaying wood. Papp and Erzberger (2007) similarly
found it on bark of Salix, as well as Fagus bark (Figure 17)
in eastern Serbia. Dragićević et al. (2007) fount P.
cordaeana on the bark of a decaying tree in the AbiesFagus forest (Figure 19) of Montenegro.

Figure 13.
Chiloscyphus polyanthos, a species that
accompanies Porella cordaeana in calcareous mountain and
upland streams of Central Europe. Photo by Hermann Schachner,
through Creative Commons.

Figure 15. Pinus pinea in Spain, the type of forest where
Porella cordaeana can occur as an epiphyte in Mediterranean
areas. Photo by Ori Fragman-Sapir, Board of Trustees, RBG
Kew, through Creative Commons.

Figure 14. Pellia endiviifolia, a species that accompanies
Porella cordaeana in calcareous mountain and upland streams of
Central Europe. Photo by David T. Holyoak, with permission.

In España, Brugués et al. (2002) reported Porella
cordaeana (Figure 2-Figure 6) from stones in water
courses, where it was among the most common bryophytes
and one of the two most common liverworts. These were
mostly, however, on the edge of the ravines on slopes with
a mix of soil and rock. Aleffi et al. (2009) reported it from
moist rocks in southeastern Italy. Papp and coworkers
(Papp & Erzberger 2005; Papp et al. 2012) found it on
siliceous stones in a stream in southwest Serbia, as well as
on the streambank.
In somewhat less aquatic conditions in the UK,
Rothero (2010) found Porella cordaeana (Figure 2-Figure
6) on the wall of old river "workings" in a flood plain.
Papp et al. (2006b) reported it from the zone of water level
fluctuations along the Iskur (Iskar) River.
In North America, Nichols (1938) reported it from
submerged rocks in Cedar Creek in the Huron Mountain
region of Michigan, USA.
Although Porella cordaeana (Figure 2-Figure 6) can
be fully aquatic, it seems to be more a species of high
moisture, tolerating occasional submersion. Kürschner
(1999) even considered it to be an indicator of better
moisture conditions when it occurred as an epiphyte in
Mediterranean Pinus forests (Figure 15) and Platanus

Figure 16. Platanus orientalis forest, the type of forest
where Porella cordaeana can occur as an epiphyte in Turkey.
Photo by Grecomara, through Creative Commons.

Figure 17. Salix pentandra, where one can find Porella
cordaeana on the bark in Serbia. Photo by MPF, through
Creative Commons.
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decomposed substrates. They considered the moisture and
acidic conditions of the decomposing substrate to be
suitable for these saprolignous (inhabiting dead wood)
species. Piippo and Norris (1996) found it to be rare on
logs and soil in California, USA.
In Louisiana, USA, Porella cordaeana (Figure 2Figure 6) occupies cypress knees (indicative of a wet
habitat), exposed roots, and small bushes and tree bases in
swampy forests (Correll & Correll 1941). Vitt et al. (1973)
found Porella cordaeana growing as epiphylls in the
Thuja plicata forests (Figure 20) of western British
Columbia, Canada.

Figure 18. Fagus forest in Serbia, where one can find
Porella cordaeana on the bark. Photo by Vladimir Pecikoza,
through Creative Commons.

Figure 19. Abies bornmuelleriana, Fagus orientalis, and
Populus tremula forest in Turkey, similar to the Abies-Fagus
forest in Montenegro where one can find Porella cordaeana.
Photo by Marijn van den Brink, with permission.

Porella cordaeana (Figure 2-Figure 6) can also occur
on soil, as observed by Campisi et al. (2008) in southern
Italy. These occurred on slopes at 1400-1500 m asl.
Similarly, in the Central Pyrenees of Spain and France,
Casas and Barrón (2003) found this among the species on
the humid soils of the forest, often associated with

Figure 20. Thuja plicata forest where one might find
Porella cordaeana growing as an epiphyll. Photo by Crusier,
through Creative Commons.

In Serbia and Yugoslavia, Sabovljević and Cvetić
(2003) found that Porella cordaeana (Figure 2-Figure 6)
occurs not only on roots and soil, but at tree bases by
streams. Bijlsma et al. (2010) found it on the base of two
poplars (Populus; Figure 18) along the river in The
Netherlands.
In British Columbia, Canada, Schofield (1988)
concluded that Porella cordaeana (Figure 2-Figure 6) is
primarily restricted to areas with high precipitation, thus
seemingly continuing its aquatic tolerances into its
terrestrial habitats. As already noted, Kürschner (1999)
considered it to be an indicator of better moisture
conditions in the Pinus (Figure 15) and Platanus orientalis
(Figure 16) forests in Turkey.
In northern Europe, Nordén et al. (2007) considered
Porella cordaeana to be a Signal species. These are
predominantly cryptogamic species that indicate Woodland
Key Habitats. They signal the potential of finding redlisted (may be becoming extinct) species. Nordén and
coworkers found that Signal species may be more useful
for finding relatively valuable sites in a matrix of
production forest. They furthermore concluded that Signal
species can be useful surrogates for total cryptogam species
richness.
Despite the commonness of the genus Porella on
Madeira Island, the populations of Porella cordaeana
(Figure 2-Figure 6) are small and fragile (Fontinha et al.
2010). Porella cordaeana is the rarest species in the genus
there, being restricted to the central higher peaks of
Madeira Island (mostly 1750-1800 m asl), where it occurs
on rocks and stone walls in sheltered habitats. On Madeira
in the Canary Islands, it occurs on wet volcanic rocks
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(Ekstein 2010). In central Spain, it occurs on slopes and
rocks that are near water (Elías et al. 2006). Gökler (1998)
found it on stones by water in Turkey. In Greece, it occurs,
but rarely, on moist rocks (Blockeel 2017). In the Lapland
Nature Reserve in Murmansk Province, Russia, Borovichev
and Koroleva (2015) found that it occurred mostly on
stones and fine-grained soils.
Blockeel (1991) found Porella cordaeana (Figure 2Figure 6) on limestone in the Abies cephalonica (Figure
21) forest. In Serbia and Montenegro, Papp et al. (2004)
found it on limestone rock. But where more acidic rocks
are available, it can inhabit them as well. Papp and
Erzberger (2005) found it on soil and limestone rock, but
also on siliceous stones in southwest Serbia. Papp et al.
(2006a) found Porella cordaeana on both limestone rock
and sandstone rock. These included rock crevices and wet
sandstone (Papp & Erzberger 2007). Blockeel (2003)
likewise found it in rock crevices as well as shaded
boulders on a steep bank. In addition to limestone rock, it
occurs in limestone grassland in Croatia (Papp et al. 2013).
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well (Figure 22-Figure 23) (Piippo & Norris 1996). It
occurs on boulders and outcrops in both dry areas and
along rivers. Sager and Wilson (2009) likewise found it in
a semi-arid habitat in the Santa Monica Mountains,
California, USA. In these locations, it required a suitable
habitat that occupied at least 1 m2.

Figure 22. Porella cordaeana in a drying condition. Photo
by Jiří Kameníček, with permission.

Figure 23. Porella cordaeana, showing underleaves and
lobes in dry state. Photo by Jiří Kameníček, with permission.

Adaptations
Porella cordaeana (Figure 2-Figure 6) forms loose
mats or wefts (Figure 24) (Piippo & Norris 1996). Its size
and color vary, depending on the habitat. In wet conditions
it is usually dark green, but the color varies from green to
light brown (Figure 24) (Clark 1953; Piippo & Norris
1996).
Figure 21. Abies cephalonica, a forest type where Porella
cordaeana can be found on limestone. Photo by W. H. Hodge,
through Creative Commons.

As in several other studies, in Alaska Schofield et al.
(2002) found Porella cordaeana (Figure 2-Figure 6) on
shaded rock faces at lower elevations. Light does not seem
to be an issue, as the species occurs on both exposed and
shaded siliceous rock in Serbia (Papp et al. 2012).
Furthermore, it seems to have a wide moisture tolerance as

Reproduction
Porella cordaeana (Figure 2-Figure 6) is a dioicous
species (Clark 1953; Piippo & Norris 1996). This presents
a problem for sexual reproduction because sperm might
have a long distance to travel to a female. Not only that,
but in their examination of specimens from Alaska,
Schofield et al. (2002) found all specimens to be sterile
(having no sexual structures). Fontinha et al. (2010) found
no sexual reproduction or vegetative propagation for this
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species on Madeira Island, most likely contributing to its
rarity there, despite the genus being the most frequent
liverwort genus on the island. This lack of both specialized
vegetative reproduction and sexual reproduction also most
likely is the cause for the lack of morphological variation.
Most, and perhaps all, of the populations on this island
could be the result of fragmentation from a single clone.
Nevertheless, Uedo was able to photograph it with
dehiscing sporophytes (Figure 24-Figure 25) in Japan.

Figure 26. Nostoc, a potential nitrogen fixer on liverworts
like Porella cordaeana. Photo by Ralf Wagner, with permission.

Figure 24. Porella cordaeana with capsules, showing both
green and brown color forms and a weft life form. Photo by KenIchi Ueda, through Creative Commons.

Biochemistry
Porella cordaeana (Figure 2-Figure 6) has numerous
oil bodies (Figure 27) in each leaf cell. These can
contribute compounds that are antifungal or that discourage
herbivory. In 1998 Asakawa described the species as
having an odor that is "dried seaweed-mossy like." Noting
that this species is tasteless, Asakawa et al. (2012) found
that it has drimane sesquiterpenoids. Toyota et al. (1989)
identified three new pinguisane-type sesquiterpenoids in P.
cordaeana in American populations.

Figure 27. Porella cordaeana leaf cells with chloroplasts
and oil bodies. Photo by Hugues Tinguy, with permission.
Figure 25. Porella cordaeana with open capsules. Photo by
Ken-Ichi Ueda, through Creative Commons.

Role
We know that many of the leafy liverworts have a
close association with nitrogen-fixing Cyanobacteria,
especially with Nostoc (Figure 26) (Dalton & Chatfield
1985). In the western United States, such associations
occur with Porella cordaeana, but these are not as
common or abundant as on other Porella species.
Fungal Interactions
Wang and Qiu (2006) found no references to
mycorrhizal associations in Porella cordaeana (Figure 2Figure 6).

Bukvicki et al. (2012) identified a rich array of
terpenoids in Porella cordaeana (Figure 2-Figure 6):
sesquiterpene hydrocarbons (53.12%, 51.68%, 23.16%)
and monoterpene hydrocarbons (22.83%, 18.90%,
23.36%), in methanol, ethanol, and ethyl acetate extracts,
respectively. The dominant compounds in the extracts
were β-phellandrene (15.54%, 13.66%, 12.10%) and βcaryophyllene (10.72%, 8.29%, 7.79%, respectively). All
three extracts were highly active against tested yeast
species; the activity against bacteria was somewhat less.
The Gram-negative bacteria exhibited somewhat greater
resistance than did the Gram-positive bacterium.
The
researchers expressed hope that these extracts may prove to
be as potent and safer compared to the strong antibiotic
cycloheximide. Furthermore, the P. cordaeana extracts
exhibit significant antimicrobial potential against food
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microorganisms. The researchers suggested that the high
percentages
of
monoterpene
and
sesquiterpene
hydrocarbons in P. cordaeana could be the agents
responsible for its very effective antimicrobial activity.
Tan et al. (2017) demonstrated that Porella cordaeana
(Figure 2-Figure 6) exhibits a weak anticancer activity
against human breast cancer and human colorectal cancer.
Tosun et al. (2013) found an inhibitory effect on
carrageenan-induced paw edema (highly sensitive and
reproducible test for nonsteroidal anti-inflammatory drugs),
but the effect was rather small, ranging 25.4-29.4%
inhibition. Its activity against p-benzoquinone-induced
abdominal constriction animal models was move effective,
ranging 27.6-41.1%. Nevertheless, P. cordaeana did not
show any wound-healing effects (Tosun et al. 2016).
Porella pinnata (Figure 1, Figure 28-Figure 31)
Distribution
Porella pinnata (Figure 1, Figure 28-Figure 31) has a
worldwide distribution (Garcia et al. 2010). In North
America, it is abundant, and extends from Quebec (Evans
1916a), Nova Scotia, and Ontario in Canada (Evans
1916b), southward to Minnesota, Florida, Louisiana (Evans
1916b), and Arkansas (Redfearn 1964, 1979) in the USA,
and Cuba in Central America (Evans 1916b). In Europe it
is more restricted and rare, occurring in the British Isles
and the western coast of France, with a possible occurrence
in Portugal. Its presence in Portugal was confirmed in
2005 by Vieira et al. and again in 2010 by Garcia et al. In
2003, Ganeva and Natcheva added Bulgaria. Ekstein
(2010) reported it from Madeira in the Canary Islands.

Figure 29. Porella pinnata that is drying. Photo by David
Holyoak, with permission.

Figure 30. Porella pinnata in a well-hydrated condition.
Photo by Des Callaghan, with permission.

Figure 28. Porella pinnata, a species mostly distributed in
the Appalachian Deciduous Forest in eastern North America, but
also occurs in Europe. Photo by Bob Klips, with permission.

Porella pinnata was also reported from China and
South India, but when Bai et al. reviewed the Chinese
Porella records, they found instead that these represented
Porella chinensis, P. densifolia, P. gracillima, P. japonica
(Figure 32), P. oblongifolia, and P. platyphylla (Figure 52Figure 58), but not P. pinnata (Figure 28-Figure 31).
Records
from
India
may
represent
similar
misidentifications and need to be confirmed.

Figure 31. Porella pinnata showing a pale color. Photo by
Hugues Tinguy, with permission.
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Lanfear (1933) similarly found Porella pinnata
(Figure 28-Figure 31) on emergent rocks in spring streams,
where it was associated with Chiloscyphus polyanthos var.
rivularis (Figure 34, C. pallescens var. fragilis (Figure 12,
Figure 35), Riccardia multifida (Figure 36), Jubula
hutchinsiae subsp. pennsylvanica (Figure 37), and
Scapania (Figure 10), both above and below water. On the
Appalachian Plateau in northern Georgia, USA, Carroll
(1945) found it in abundance on submerged rocks and tree
roots. In the Chapel Hill area of North Carolina, USA,
Coker (1904) found it either immersed or on rocks close to
the spray zone where humidity was high. In August in the
Ozark springs of Missouri, USA, Drouet (1933) found
dense growths of P. pinnata on rocks receiving spray from
a spring.
Figure 32. Porella japonica ssp. appalachiana; Porella
japonica was once considered to be part of Porella pinnata.
Photo by Ken McFarland and Paul Davison, with permission.

Aquatic and Wet Habitats
Evans (1916a) reported Porella pinnata (Figure 1,
Figure 28-Figure 31) from running water in Quebec.
Brown (1929) found it on rocks in a streamlet in Nova
Scotia. In Ontario, Cain and Fulford (1948) did not find it
to be common, occurring on rocks or wood in small
streams.
It similarly occurs in rocky ravines in
Connecticut, USA (Nichols 1916).
Nichols (1918)
considered Porella pinnata to be hydrophytic. Nichols
(1935) found it attached to submerged rocks in Cliff Creek
in the Huron Mountains of the Upper Peninsula of
Michigan. Gilbert (1958) found Porella pinnata attached
to submerged rocks in a stream in Iosco County, Michigan,
USA, the first record for the Lower Peninsula of Michigan.
Hall (1958) found it on moist sandstone adjacent to
waterfalls in Ohio, where he considered it to be apparently
rare. In Missouri, USA, Redfearn (1979) found it on
shaded rocks in creeks and springs in the Ozark National
Forest of Arkansas, USA. Solberg and Miller (1979)
reported that it not only was frequent on rocks in a stream
in North Carolina, but also occurred on trees along the
stream. Conard (1946) reported it in a walled-in spring
tributary, where it was plentiful along with
Hygroamblystegium tenax (Figure 33).

Figure 33. Hygroamblystegium tenax, a species that occurs
with Porella pinnata in a walled-in spring tributary. Photo by
Hermann Schachner, through Creative Commons.

Figure 34. Chiloscyphus polyanthos var. rivularis, a species
that associates with Porella pinnata in spring streams. Photo by
Jean Faubert, with permission.

Figure 35.
Chiloscyphus pallescens, a species that
associates with Porella pinnata in spring streams. Photo by
Michael Lüth, with permission.

Chapter 1-9: Aquatic and Wet Marchantiophyta, Class Jungermanniopsida, Order Porellales: Porellaceae

1-9-11

roots along lowland rivers, including those that flow where
agriculture and natural forest formations still co-exist. In
the mountain stream locations it can be associated with
Fontinalis squamosa (Figure 38). In some rivers it was
frequently associated with Cinclidotus fontinaloides
(Figure 39). Its distribution in Portugal was usually in
medium to large rivers with moderate pollution, including
river margins that were seasonally inundated. Ferreira et
al. (2008) stated its habitat as simply rivers.

Figure 36. Riccardia multifida, a species that associates
with Porella pinnata in spring streams. Photo by Manju Nair,
through Creative Commons.

Figure 38. Fontinalis squamosa, a species that is sometimes
associated with Porella pinnata in Portugal. Photo by Janice
Glime.

Figure 37. Jubula hutchinsiae subsp. pennsylvanica, a
species that associates with Porella pinnata in spring streams.
Photo by Wayne Lampa, through Creative Commons

In Walker Branch, Tennessee, USA, Porella pinnata
(Figure 28-Figure 31) is the most abundant contributor to
the biomass (Steinman & Boston 1993). It occurs in
streams in the Great Smoky Mountains National Park,
Kentucky, USA (Knapp & Lowe 2009). It is a common
bryophyte on rocks and wood in seasonally inundated
habitats in eastern North America, extending above and
below the water line (Wood et al. 2016), and likewise
occupies periodically inundated sites on river banks in
Portugal (Garcia et al. 2010). Plitt (1908) found that in the
Piedmont region of Maryland, USA, it was common on
rocks that are frequently submerged. In the mid-order
Middle Oconee River, Georgia, USA, it typically has a
significantly higher density, organic matter, and
invertebrate biomass than do the adjacent bare rock faces
(Wood et al. 2016). Noble (2003) reported it as one of the
dominant taxa on rocks in the east bank, center stream, and
west bank of the riparian zone at Falls Branch Falls in
Tennessee, USA.
Vieira et al. (2004, 2005) found that in northwest
Portugal Porella pinnata (Figure 28-Figure 31) is
seasonally emergent on stony streambanks and riparian tree

Figure 39. Cinclidotus fontinaloides, a species that is
sometimes associated with Porella pinnata in Portugal. Photo by
Hermann Schachner, through Creative Commons.

Garcia et al. (2010) found that Porella pinnata (Figure
28-Figure 31) occurred along rivers with moderate water
velocity and turbulence, where it experienced periodic
inundation (Figure 40).
These were typically well
oxygenated waters in the middle and terminal portions of
the river, but where the substrate was still rocky. In these
reaches, the water typically has accumulated minerals from
the soil, rocks, and leaf litter as it swelled onto the river
banks. Garcia and coworkers have found it mostly in
shaded conditions, created by overhanging vegetation or in
granitic rock crevices, as well as on soil under the riparian
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trees. Submerged populations of Porella pinnata (Figure
28-Figure 31) seem to prefer low conductivity with low
concentrations of nitrogen and phosphorus.

Figure 42. Schistidium rivulare, a species that occurs in the
streambank zone above the Porella pinnata zone in the UK.
Photo by Janice Glime.
Figure 40. Porella pinnata at high water line, Taxodium
swamp near Tallahassee, Florida, USA. Photo by Janice Glime.

In North America, Howe (1897) likewise reported
Porella pinnata (Figure 28-Figure 31) on the banks of
shaded streams where it was subject to flooding (Figure
41). Barbour (1902) described its North American habitat
as occurring at the base and on exposed roots of trees
subject to flooding. Bakalin (2018) described its North
American habitat as shaded stones and decaying wood
along streams, where it occurred as a hygrophyte or
hydrophyte, subject to submersion during high water.
Evans (1916b) also considered it to occur most commonly
on stones and logs both in the streams and on streambanks
where it became submerged during part of the year.
Although Sharp (1930) found it to be uncommon in
southeastern Oklahoma, he also found it along stream
margins on rocks and roots.

Figure 41. Porella pinnata habitat on roots in a flooding
zone. Photo by Li Zhang, with permission.

Bosanquet (2010) described zonation along
streambanks in the UK, reporting that Porella pinnata
(Figure 28-Figure 31) dominates in a band along rivers and
streams, with only occasional occurrences in the zone with
Cinclidotus fontinaloides (Figure 39) and Schistidium
rivulare (Figure 42) above it. In Bulgaria, Ganeva and
Natcheva (2004) reported it from water sprayed rocks.

Vergouw and Siebel (1991) found it to be a "good
acidophile" where it occurred in the water of the Chartreux
source in Cahors, France.
Porella pinnata (Figure 28-Figure 31) appears to
require nearness to water, thriving in places where it
occasionally becomes submersed, but in most cases does
not remain that way for long. Even in its terrestrial
habitats, such as those growing on trees along Lake
Superior in Michigan (Evans & Nichols 1935), are subject
to high humidity and splash resulting from the activity of
the lake. Similarly, Haynes (1927) reports it from river
banks in Virginia, USA, but I have not found records of
many truly terrestrial dry habitats. On trees, it can often
exhibit a feather life form (Figure 43).

Figure 43. Porella pinnata, showing its growth habit. Photo
by Alan Cressler, with permission.

Adaptations
Hill et al. (2007) described Porella pinnata (Figure
28-Figure 31) as being attached to an aquatic substrate and
trailing in the water, a description that suggests the
streamer life form of Glime (1968). In terrestrial habitats,
it can form shelves, a feather life form.

Chapter 1-9: Aquatic and Wet Marchantiophyta, Class Jungermanniopsida, Order Porellales: Porellaceae

Howe (1897) described a southern USA form that dries
out. When doing so, the leaves become closely wrapped
around the stem or decurved; the branches are often subcircinate (Figure 44-Figure 45). This could help to protect
the liverwort from water loss, thus permitting it to live in
somewhat drier habitats. This evidence suggests that it
might be interesting to look for chemical evidence of
cryptic species in Porella pinnata (Figure 28-Figure 31),
separating the northern and southern populations.
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species. Evans (1916b), in his treatment of New England
liverworts, may have shed some light on its sporophyte
rarity; he reported that they only mature when the plants
are exposed to air.

Figure 46. Porella pinnata with antheridial branch. Photo
by Paul Davison, with permission.

Figure 44. Porella pinnata dry showing leaves rolling
around the stem and sub-circinate branches. Photo by Li Zhang,
with permission.

Figure 47. Porella pinnata with capsules, near Tallahassee,
FL. Photo by Janice Glime.

Figure 45. The same Porella pinnata wet. Photo by Li
Zhang, with permission.

Reproduction
Porella pinnata (Figure 28-Figure 31) is dioicous
(Howe 1897; So 2005; Garcia et al. 2010), with identifying
male structures (Figure 46) unseen in Europe (Garcia et al.
2010). Garcia et al. (2010) reported that sporophytes
(Figure 47-Figure 48) are unknown in Europe. Vieira et al.
(n.d.) likewise reported that it was never found fertile in
streams of northwest Portugal. Barbour (1902) reported
that it is usually sterile in eastern North America. Howe
(1897), however, reported that the "form" in the
southeastern states (USA) produces sporophytes more
commonly than the type, and that it grows in somewhat
drier situations – more evidence there may be cryptic

Figure 48. Porella pinnata with capsules. Photo by Janice
Glime.

Guisen et al. (1996) examined the chromosomes of
Chinese Porella pinnata (Figure 28-Figure 31) and
determined n=8. This is the most common number for
liverworts (see Volume 1, Chapter 2-7) and does not
suggest any hybrid origin.
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Fulford (1944) described vegetative reproduction in
Porella pinnata (Figure 28-Figure 31). Plants of this
species that had been kept in a moist chamber for a month
became badly contaminated with a cottony fungus and
filamentous green algae. The plants remained healthy and
green, but showed no signs of regeneration. New cultures
were set up in Petri dishes and supplied regularly with
nutrient solution. After another month these plants showed
numerous vegetative developments of bulging leaf cells
and leafy shoots. These developing bulges were abundant,
especially on older leaves, and were more common on the
dorsal surface than on the ventral surface. These never
formed on the leaf margins. When these brood bodies
reached their approximate size, they formed rhizoids that
branched at the tips and anchored the brood body to the leaf
surface. A new leafy shoot developed from the tip of this
globose brood body.
Fulford provided a detailed
description of the development of the new plant and noted
that it was similar to development from spores in the genus.
Role
Roberts et al. (2007) monitored a forested headwater
stream in eastern Tennessee, USA, to determine temporal
differences in the stream metabolism. Porella pinnata
(Figure 28-Figure 31) was the most abundant cover. Its
cover increased during the study from 4.2% in May 2004 to
18.0% in January 2006.
In Walker Branch, Tennessee, Porella pinnata (Figure
28-Figure 31) is the most abundant bryophyte (Steinman &
Boston 1993). The abundance peaked in late summer, then
was reduced by a severe winter storm in the 13-month
study. Stable substrate and water velocity were important
in determining abundance, making bedrock steps and riffles
good habitats. In this stream, the P. pinnata had
significantly greater area-specific rates of photosynthesis
and phosphorus uptake than did periphyton (freshwater
organisms attached to plants) in all seasons. In the autumn,
biomass-specific photosynthetic rates were also greater for
P. pinnata. But in winter and spring the periphyton on the
cobble exceeded that of the liverwort. This was not the
case on introduced cylinders. When translated to a yearround productivity and phosphorus uptake for the entire
sampling area, the patchy distribution of the liverwort
reduced its contribution, with rates similar to that of
periphyton in late summer and autumn, but being exceeded
by 3-5X greater rates by the periphyton in spring and early
summer.
Steinman (1994) enriched Walker Branch with
phosphorus to determine the effects on the dominant
bryophyte, Porella pinnata (Figure 28-Figure 31). In a
second-order reach of the stream, there was an N:P ratio of
3.5-1. The P:C ratio in P. pinnata was not significantly
affected by the enrichment, but there was a significant
increase in the P:N ratio. On the other hand, in Sludge
Creek, which initially had an N:P ratio of 21.6:1 in the
stream water, enrichment caused a significant increase in
both the P:C and P:N ratios. To further complicate the
results, the P. pinnata in Walker Branch actually had a
significant decrease in phosphorus concentrations in its
tissues after enrichment, whereas the same species in

Sludge Creek had a significant increase in phosphorus in
the enriched populations, but not in the controls. Steinman
suggested that the increased P:N and P:C ratios could have
resulted from either assimilation or adsorption.
Productivity in these streams increased by 15%
following enrichment, but the increase was not significant
(Steinman 1994).
The periphyton did not increase
significantly in either stream, but Steinman suggested that
grazing by snails may have mitigated those results.
Bain and Proctor (1980) explored the requirement of
aquatic bryophytes for free CO2 for its carbon source.
Results for Porella pinnata (Figure 28-Figure 31) were
puzzling. Most of the species reached their photosynthetic
compensation points at around pH 8.0-9.0. Anthoceros
punctatus (Figure 49), now known to use the pyrenoid as a
CO2-concentrating mechanism, reached 9.5.
Porella
pinnata showed a similar, but less pronounced, anomaly.
The researchers considered the ability to use bicarbonate,
present in water instead of CO2 at higher pH levels like
this, was an unlikely source of CO2 for the P. pinnata. I
am waiting for a micro pH probe that can measure the pH
at the leaf cell surface. My hypothesis is that the
bryophytes, possibly through cation exchange, lower the
pH at the cell surface. This could permit the bicarbonate to
convert to CO2 for cellular uptake.

Figure 49. Anthoceros punctatus, a species with pyrenoids
and a high CO2 compensation point. Photo by Jonathan Sleath,
with permission.

Mulholland et al. (2000a) found the highest rates of
ammonium uptake per unit area in a forest stream were
accomplished by Porella pinnata (Figure 28-Figure 31),
decomposing leaves, and fine benthic organic matter. The
epilithon had the highest N uptake per unit biomass N. The
Porella pinnata covered 19.1% of the stream, making it a
major contributor to the nitrogen dynamics.
Wood et al. (2016) have demonstrated higher biomass
and density of macroinvertebrates and greater organic
matter content in patches of Porella pinnata (Figure 28Figure 31) than that found on adjacent bare rocks in the
Middle Oconee River, Georgia, USA. Average insect
density was five times as great within the P. pinnata mats
compared to the controls. Previously, these periodically
submerged bryophytes were mostly ignored in aquatic food
chains. In this case, they were submerged only when there
was a substantial increase above the base flow level.
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In cypress swamps, bryophytes can extend the
oxygenated periods by growing on the cypress knees
(Taxodium distichum; Figure 50) (Mehring et al. n.d.).
Porella pinnata (Figure 28-Figure 31) is a common
liverwort on these knees (Figure 1, Figure 50), and they
generate enough oxygen to counteract significant portions
of the oxygen used by the decomposing organic matter in
the Little River in southern Georgia, USA. The highest
levels of daily oxygen released by the liverworts occurred
when the river was high enough to submerge them, while
maximizing their light exposure. This provides a function
for the cypress knees that adds to the theories that have
been presented.
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Fungal Interactions
Wang and Qiu (2006) were unable to find any records
of mycorrhizal associations with Porella pinnata (Figure
28-Figure 31).
Biochemistry
The oil bodies in this species are small, but numerous
(So 2005). With its widespread distribution and abundance
in some locations, and its size extending up to 30 cm long
(So 2005), it is surprising that it lacks biochemical studies
to elaborate on what secondary compounds might be found
in these oil bodies.
Porella platyphylla (Figure 52-Figure 58)
(syn. = Madotheca platyphylla; Figure 52-Figure 58)
Porella platyphylla is widespread in the temperate
regions, especially in the deciduous forests, and reaching
southward into the subtropics (Schuster 1980).

Figure 50.
Porella pinnata on cypress (Taxodium
distichum) knees. Photo by Paul Davison, with permission.

The role of bryophytes as a food source has been
ignored until relatively recently. In the aquatic habitat,
they not only are eaten themselves, but bryophytes can trap
large quantities of detrital particles and provide homes for
bacteria, fungi, protozoa, and numerous small
invertebrates. Mulholland et al. (2000b) found that Porella
pinnata (Figure 28-Figure 31) had similar values of
labelled N to those of the epilithon. They suggested that
the P. pinnata could be a possible food source for both
Elimia (freshwater snail; Figure 51) and mayflies.

Figure 51. Elimia, a snail that lives with Porella pinnata
and could find food there. Photo through Creative Commons.

Figure 52. Porella platyphylla, a widespread temperate leafy
liverwort. Photo by Evan Raskin, through Creative Commons.

Figure 53. Porella platyphylla, hydrated. Photo by Hugues
Tinguy, with permission.

1-9-16

Chapter 1-9: Aquatic and Wet Marchantiophyta, Class Jungermanniopsida, Order Porellales: Porellaceae

Figure 57. Porella platyphylla underleaves and lobes. Photo
by Paul Davison, with permission.

Figure 54. Porella platyphylla. Photo by Malcolm Storey,
DiscoverLife, with online permission.

Figure 58. Porella platyphylla wet. Photo by Tim Waters,
through Creative Commons.

Figure 55. Porella platyphylla showing hydrated form.
Photo courtesy of Betsy St. Pierre.

Figure 56. Porella platyphylla dorsal surface. Photo by Paul
Davison, with permission.

The status of Porella platyphylla (Figure 52-Figure
58) and that of P. platyphylloidea (Figure 91-Figure 93)
has been debated for a long time. Evans (1916c)
considered the double spirals of the elaters to separate
them, with P. platyphylloidea apparently lacking elaters
with two spirals throughout its entire length, whereas at
least some are present in P. platyphylla. With this
understanding, he reported P. platyphylloidea to be the
commonest species of Porella in eastern North America.
Barbour (1902) considered the American plants to be
the "form" Porella thuja, but acknowledged that the
European P. platyphylla (Figure 52-Figure 58) also occurs.
Porella thuja is no longer recognized as a legitimate taxon
(Söderström et al. 2016).
But Boisselier-Dubayle et al. (1998) argued that
Porella platyphylloidea (Figure 91-Figure 93), while being
reported Europe, had never been confirmed there. Instead,
they considered it to be restricted to North America.
Furthermore, they considered the often cited P. platyphylla
(Figure 52-Figure 58) to be absent in North America.
Therrien et al. (1998) used isozyme and morphometric
analysis to attempt to clarify these two taxa. Based on 11
loci, they identified three discrete genotypes. They found
no variation within populations, but each of the genotypes
exhibited variation among populations. Each genotype
possessed several unique alleles.
Unfortunately, the

Chapter 1-9: Aquatic and Wet Marchantiophyta, Class Jungermanniopsida, Order Porellales: Porellaceae

morphological characters for these two species had a
continuous pattern rather than defining distinct entities.
Furthermore, the two species type specimens fell into the
same cluster. Unlike the report of Evans (1916c), they
found that both single and double spiralled elaters occurred
within identical genotypes.
Therrien and coworkers
concluded that instead of two species, P. platyphylla
(Figure 52-Figure 58) and P. platyphylloidea (Figure 91Figure 93) represented cryptic species of Porella
platyphylla.
Like Therrien et al. (1998), Hentschel et al. (2007)
found that P. platyphylla (Figure 52-Figure 58) split into a
European and a North American clade, with one tested
North American population belonging with the European
clade. Heinrichs et al. (2011) suggest that the North
American P. platyphylloidea (Figure 91-Figure 93) might
be an ancient hybrid between P. cordaeana (Figure 3Figure 6) and P. platyphylla s.str. Based on their cladistic
analysis, they likewise concluded that P. platyphylla s.l.
has three main clades, with the nuclear and chloroplast loci
providing incongruent phylogenetic signals.
They
considered P. platyphylla s.l. to consist of a North
American main clade and a European clade, with the latter
clade also present in North America and Asia. Blisard and
Kleinman (2012) supported the conclusion that these two
were cryptic species that cannot be separated based on
morphological characters, requiring molecular studies for
identification.
To illustrate the difficulty in defining this species,
Wyatt et al. (2005) reported that Porella platyphylla
(Figure 52-Figure 58) has high levels of genetic variation,
contrasting with earlier studies suggesting that liverworts
have little genetic variation. They found 26 multilocus
genotypes and more than 80% of the enzyme loci to be
polymorphic within a single population from southwestern
North Carolina.
If I have not convinced you that P. platyphylloidea
(Figure 91-Figure 93) is merely a cryptic species within P.
platyphylla (Figure 52-Figure 58), you are not alone. In
their 2016 list of accepted names of liverworts, Söderström
et al. have listed both species as accepted.
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Ezer et al. (2009) called Porella platyphylla (Figure
52-Figure 58) a cortico-saxicolous species in Turkey, a
testimony to its broad niche. Özenoğlu and Gökler (2002)
listed sheltered tree boles, walls, rocks, soil, stones on
banks, rocks, and tree bark (Figure 59-Figure 60) as the
habitats for Porella platyphylla in Turkey. Some of these
were near streams, but the species was not restricted to
nearness to streams.

Figure 59. Porella platyphylla with lichen on bark. Photo
by Tim Waters through Creative Commons.

Distribution
Shaw (2001) considered Porella platyphylla (Figure
52-Figure 58) to be widespread in North America and
Europe. Bakalin (2018) listed Porella platyphylla from
Alaska and British Columbia in the west, south to Texas,
and in the east from Nova Scotia south to Florida in North
America, and in Eurasia. Önder and Özenoğlu (2019)
considered it to be the most common liverwort species in
the Turkish flora, occupying a wide range of habitats
(Özenoğlu & Gökler 2002; Ezer et al. 2009). Shaheen and
Srivastava (1986) reported it from the western Himalayas
in India.
Aquatic and Wet Habitats
Porella polyphylla (Figure 52-Figure 58) is not an
aquatic bryophyte, but it is often associated with wet
habitats. Dhien (1978) found it in intermittent rivers. But
streambanks are more common than instream habitats for
it. Önder and Özenoğlu (2019) found it on streambanks in
Turkey; Özenoğlu and Gökler (2002) reported it from rocks
and bark near a stream in Turkey.

Figure 60. Porella platyphylla from the mid region of a tree
trunk in the Hiawatha National Forest, Michigan, USA. Photo by
Janice Glime.

A number of researchers (Barbour 1902; Plitt 1908;
Özenoğlu & Gökler 2002; Heinrichs et al. 2011) have
reported populations of Porella platyphylla (Figure 52Figure 58) as sometimes occurring on rocks (Figure 61Figure 63). Haynes (1927) considered damp rocks to be
among its substrates in Virginia, USA. Redfearn (1964,
1979), in the Interior Highlands of North America in
Arkansas, USA, found Porella platyphylla on shaded
vertical limestone. Bakalin (2018) attributed its North
American habitat to both dry and wet shaded rocks.
Gustafsson et al. (1992) found it on shaded cliffs in
Sweden. Özenoğlu and Gökler (2002) reported it from
rocks, walls, stones on stream and river banks, and canyon
rocks in Turkey.
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Figure 63. Porella platyphylla on rock, Czech Republic.
Photo by Vita Plasek, with permission.

Adaptations
Evans (1899) found Porella platyphylla forming pure
mats (Figure 64) in the northeastern USA. The young
plants grew prostate and adhered to the substrate. As they
aged, they would form considerable mat size and hide the
decayed portions under them (Figure 64). These often take
on a feather life form on vertical substrata (Figure 65Figure 66).
Figure 61. Porella platyphylla on boulder. Photo by Owen
C. Larkin, through Creative Commons.

Figure 64. Porella platyphylla forming a pure mat on bark.
Photo by Janice Glime.

Figure 62. Porella platyphylla on rock trail at Lost River
Caverns, Poconos, Pennsylvania, USA. Photo by Janice Glime.

Callaghan and Ashton (2008) considered Porella
platyphylla (Figure 52-Figure 58) to be a calciphile.
Osadowski (2010) found it on calcareous tufas in Western
Pomerania, noting that it prefers high concentrations of
calcium. Proctor (2010) likewise found it on limestone
rock.

Figure 65. Porella platyphylla forming shelves on tree in the
Upper Peninsula of Michigan, USA, a feather life form. Photo
by Janice Glime.
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Figure 68. Palustriella commutata, a species that, like
Porella platyphylla, dries in air in only 5 hours. Photo by
Hermann Schachner, through Creative Commons.

Figure 66. Porella platyphylla forming shelves, a feather
life form.
Photo by Suzanne Cadwell, through Creative
Commons.

Proctor
(2000a)
defined
desiccation-tolerant
bryophytes as photosynthesizing and growing as long as
water is readily available, but suspending metabolism when
it is not. These, including Porella platyphylla (Figure 52Figure 58), are typically ectohydric (moving water in
external capillary spaces). The physical structure (Figure
67) of the bryophyte contributes to the rate at which a
bryophyte loses water in drying conditions. Porella
platyphylla, along with the aquatic Palustriella commutata
(Figure 68), required only five hours to reach an air-dried
state (Deltoro et al. 1998). The other bryophytes in the
experiments typically took 5-16.7 hours.

Gupta (1977a) used Porella platyphylla (Figure 52Figure 58) among the species in a study of photosynthesis
and leakage in bryophytes. Decrease in photosynthesis is
an indicator of desiccation injury. In this study, all the
species reached the highest level of cell leakage in the first
2 minutes of rewetting, then slowed down. This reduction
seems to be due to the reassemblage of the cell membranes
or to a rapid decrease of solutes in damaged cells. Viable
cells are able to reabsorb much of this lost leachate upon
rehydration. Gupta (1977b) considered Porella platyphylla
to be drought resistant, compared to the non-resistant
Scapania undulata (Figure 10). In both species the
relative water content dropped steadily for up to 50 hours at
96.5% relative humidity, then remained unchanged.
Photosynthesis actually peaked after two hours of
desiccation in P. platyphylla and six hours in Scapania
undulata. Proctor (2010) found wide variation in the halfrecovery time, ranging from a few tens of seconds in
Syntrichia ruralis (a xerophyte; Figure 69) and Porella
platyphylla to an hour or more in pteridophytes (mostly
club mosses and ferns).

Figure 69. Syntrichia ruralis, a xerophytic species that has a
half-recovery time from desiccation of several minutes, similar to
that of Porella platyphylla. Photo by Hermann Schachner,
through Creative Commons.
Figure 67.
Porella platyphylla ventral side showing
underleaves; the curling edges suggest it is drying. Photo by
Hermann Schachner, through Creative Commons.

Hinshiri and Proctor (1971) found that recovery from
desiccation up to 60 days is normally completed within 3-4
hours upon rehydration. Longer periods of desiccation
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cause an initial negative net assimilation, but it becomes
positive as it increases progressively for several days.
They attributed this to initial enhanced respiration and
delayed recovery. Porella platyphylla (Figure 52-Figure
58) is desiccation tolerant (Figure 70) (Marschall & Proctor
1999; Marschall 2017). As such, it does not suffer
photooxidative damage due to the coexistence of
zeaxanthin-dependent NPQ (nonphotochemical chlorophyll
fluorescence quenching) mechanisms and a desiccationinduced thermal energy dissipation.

It is important to examine the effect of temperature on
desiccation survival as our planet continues to warm.
Hearnshaw and Proctor (1982) experimented with seven
bryophytes kept dry in a range of 20-100ºC. The
differences in chlorophyll content were largely in the time
required for recovery. Survival times ranged from a few
minutes or less for 50% loss of chlorophyll at 100ºC to
weeks or even months at 20º and 37º for the more resistant
species. Porella platyphylla (Figure 52-Figure 58) lost
50% of its chlorophyll content at 37ºC after 42.5 days, but
at 60ºC, the same damage occurred in only 19.7 hours.
This is consistent with the finding that the thylakoid
membranes of the chloroplasts and the processes of PSII
are sensitive to water stress (Marschall et al. 1998a). The
species also survives freezing temperatures in winter
(Figure 72-Figure 73). Because of its vertical position,
snow cannot cover it completely to protect it, thus causing
it to experience even sub-freezing temperatures.

Figure 70. Porella platyphylla dry. Photo courtesy of Betsy
St. Pierre.

Proctor (2000b) found that Porella platyphylla (Figure
52-Figure 58) did not recover as rapidly as the xerophytic
Syntrichia ruralis (Figure 69) or Grimmia pulvinata
(Figure 71). In fact, although Porella platyphylla is among
the more tolerant bryophytes, it had the worst performance
at the lowest water potentials (Proctor 2001). But Proctor
(2003) modified that description to call it moderately
desiccation tolerant and found that it survived best in the
highest humidity (74% r.h.) used. These experiments
suggest that this species is adapted to the intermittent water
conditions of streambanks and inundation areas as well as
mesic forests, but not in conditions that remain dry for long
periods of time.

Figure 72. Porella platyphylla with snow. Photo by Gergely
Pápay, through Creative Commons.

Figure 73. Porella platyphylla with snow on bark in Europe.
Photo by Michael Lüth, with permission.

Figure 71. Grimmia pulvinata, a xerophyte that recovers
more quickly from desiccation than does Porella platyphylla.
Photo by Darkone, through Creative Commons.

Marschall et al. (1998a) demonstrated that drought in
Porella platyphylla (Figure 52-Figure 58) leads to an
accumulation of high-molecular-weight fructan. Marschall
et al. (1998b) reported that the major soluble carbohydrates
in Porella platyphylla (Figure 52-Figure 58) are sucrose
and a homologous series of fructans (see also Marschall
2010). Adding glucose and fructose to the medium did not
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affect the composition of the soluble carbohydrate pool, but
sucrose caused the fructan pool to increase and inhibited
photosynthetic oxygen evolution and respiration. In the
dark, the fructan pool was amplified, and desiccation
increased the proportion of the high-molecular-weight
fructan. Marschall (2010) found that adding glucose,
fructose, and sucrose to the medium, in light or dark, cause
the down regulation of photosynthetic activity. Dark
"starvation" of these sugars for one week does not cause a
significant decrease in photosynthetic capacity.
Marschall (1998) found that in Porella platyphylla
(Figure 52-Figure 58) the nitrogen reductase activity
remained relatively constant, but at a low level, in the light,
but increased in the dark. On the other hand, nitrogen
reductase activity during the first hour of rehydration in the
xerophyte Syntrichia ruralis (Figure 69) decreased
considerably in both dark and light, although to a greater
degree in the light. The nitrogen reductase activity of
Porella platyphylla decreased to a low level after 4 days in
the dark, but increased when sucrose was added to the
medium. Thus, the behavior of Porella platyphylla is
somewhat different from that of the xerophyte Syntrichia
ruralis.
Marschall and Proctor (1999) suggest that desiccation
tolerance in Porella platyphylla (Figure 52-Figure 58) is
essentially constitutive, i.e. always there and not requiring
induction. Recovery of photoprotection in light is mostly
complete within 24 hours. This strategy should work well
for this species that grows epiphytically and thus
experiences frequent wetting and drying cycles.
Sütő and Marschall (2016) looked for cell morphology
changes in Porella platyphylla (Figure 52-Figure 58)
following various abiotic stresses. They identified suitable
stains for the best viewing of these changes, finding neutral
red at pH 7.6 to be the best. Strong osmotic treatment (1 M
KSCN) caused the central vacuole to fragment into small
pieces, then rupture in 10 minutes. This osmotic shock
caused irreversible damage to the chloroplasts. Oil bodies
were the most resistant structures against the stresses tested
(freezing, natural drying, heat, and osmotic stress). When
plants were cold-hardened for 5 months, they were able to
regenerate both cell structure and metabolism within 24
hours after a 24-hour natural drying regime.
Ezer et al. (2010) found that the highest chlorophyll
a/b ratio occurred in the non-aquatic species, including
Porella platyphylla (Figure 52-Figure 58), compared to
such aquatic species as Cinclidotus aquaticus (Figure 74)
and Platyhypnidium riparioides (Figure 8).
Aydin (2020) looked at free radical scavenging
activities in Porella platyphylla (Figure 52-Figure 58). He
found that the moss Dicranum scoparium (Figure 75) has
significantly more scavenging activity than does P.
platyphylla. He noted that there is a strong relationship
between phenolic content in methanol extracts and the
DPPH (1, 1-diphenyl-2-picrylhydrazyl) radical scavenging
efficiency. Fatty acid content was higher in P. platyphylla
than in D. scoparium except for α-linolenic acid.
Reproduction
Porella platyphylla (Figure 52-Figure 58) is dioicous
(Evans 1899; Heinrichs et al. 2011), with male plants that
are more slender than the female plants (Evans 1899).
Andrews (1908) described an abnormal archegonium in the
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species and observed branched elaters in the species.
Manning (1914) observed similar abnormal archegonia and
described a sporophyte surrounded by a cluster of broad
leaves. Shaheen and Srivastava (1986) described the
spores of the species using SEM.

Figure 74. Cinclidotus aquaticus, a species with a lower
chlorophyll a:b ratio than that of Porella platyphylla. Photo by
Hermann Schachner, through Creative Commons.

Figure 75. Dicranum scoparium, a moss species with less
fatty acid content than that of Porella platyphylla, but
significantly more free radical scavenging activity. Photo by
Richard Orr, with permission.

Interactions
Dudka and Romanenko (2006) enumerated
Myxomycetes and other organisms associated with Porella
platyphylla (Figure 52-Figure 58) in Crimea. These
included Arcyria cinerea (Figure 76), Echinostelium
arboreum (Figure 77), E. minutum (Figure 78),
Macbrideola cornea (Figure 79), Perichaena vermicularis
(Figure 80), Physarum cinereum (Figure 81), and
Symphytocarpus impexus (Figure 82-Figure 83). On the
other hand, Wang and Qiu (2006) found no publications on
mycorrhizal associations with Porella polyphylla.
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Figure 76. Arcyria cinerea, a known associate of Porella
platyphylla. Photo by George Barron, with permission.

Figure 80. Perichaena vermicularis, a species known to
associate with Porella platyphylla. Photo by Carlos de Mier and
Carlos Lado, through Creative Commons.

Figure 77. Echinostelium arboreum, a species known to
associate with Porella platyphylla, with two sporocarps showing
the persistent shiny peridium. Photo through Creative Commons.

Figure 81. Physarum cinereum, a species known to
associate with Porella platyphylla. Photo by Bjorn S., though
Creative Commons.
Figure 78. Echinostelium minutum, a species known to
associate with Porella platyphylla. Photo by Carlos de Mier and
Carlos Lado, through Creative Commons.

Figure 79. Macbrideola cornea, a species known to
associate with Porella platyphylla. Photo by Shirokikh125.

Figure 82. Symphytocarpus impexus, a species known to
associate with Porella platyphylla. Photo from Eumycetozoan
Project, www.discoverlife.org, with online permission.
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Figure 85. Porella platyphylla leaf cells showing numerous
small oil bodies. Photo by Kristian Peters, with permission.
Figure 83. Symphytocarpus impexus, a species known to
associate with Porella platyphylla, showing capillitium and
spores. Photo from Eumycetozoan Project, www.discoverlife.org,
with online permission.

Smith (2000) contended that most plants in natural
ecosystems form mycorrhizal relationships that facilitate
acquisition of nutrients. Döbbeler (2004) reported that
Ascomata were unknown on epiphytic Porella platyphylla
(Figure 52-Figure 58) and several other epiphytes.
However, he found Bryocentria metzgeriae (Figure 84) on
this liverwort. This species regularly perforates the leaves
of P. platyphylla. The Ascomata develop on the protected
lower side of the leaf and grow through the single layer of
cells so that the ostiolar region is on the side away from the
substrate. Occasionally single perithecia may develop in
the perianths. Some leaves of Porella platyphylla may
have several fruiting bodies of B. metzgeriae that do not
perforate the leaves.
Figure 86. Porella platyphylla leaf cells with oil bodies not
apparent. Photo by Malcolm Storey, with online permission.

Porella platyphylla (Figure 52-Figure 58) has a variety
of color forms (e.g. Figure 87), but the cause of these color
changes or forms does not seem to be documented. Nilsson
(1969) described pigments in Porella platyphylla,
identifying the metabolite isovitexin-7-glucoside, a Cglycosyl compound.
Nilsson (1973) later identified
apigenin-6,8-di-C-glycoside from the same species.

Figure 84.
Bryocentria metzgeriae, a species of
Ascomycetes that penetrates leaves of Porella platyphylla. Photo
from Bold Systems, through Creative Commons.

Biochemistry
Schuster (1980) reported the oil bodies (Figure 85Figure 86), a storage site for secondary compounds, to be
minute to small. This can cause them to be difficult to
notice (Figure 85-Figure 86).

Figure 87. Porella platyphylla golden brown form. Photo
by Bob Klips, with permission.
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Although there seem to be few discussions of the
morphological adaptations of Porella platyphylla (Figure
52-Figure 58), there have been a number of studies that
have used it to study physiology and biochemistry in
bryophytes. Suleiman et al. (1980) found that polyols are
not the primary assimilatory products in Porella
platyphylla, and they suggested that differences in these
products among bryophytes could serve in classifying
them.
Perhaps the secondary compounds in Porella
platyphylla (Figure 52-Figure 58) can account for the
scarcity of reports of fungal relationships. Suire and
Borgeois (1977) reported monoterpenes in this species.
Ludwiczuk et al. (2011) identified monoterpenoids,
sesquiterpenoids, diterpenoids, flavonoids, and steroids in
this species. Asakawa et al. (1979) identified three new
pinguisane-type sesquiterpenes. Extracts of this species
inhibited fungal growth, but only at higher concentrations
(15 µL) compared to effective doses of Anomodon
viticulosus (Figure 88) and Cinclidotus fontinaloides
(Figure 39) (5 µL) (Latinovic et al. 2019). Mycelial
growth of several fungal species was affected.

Figure 89. Polytrichum commune, a species with twice the
external alkane content of Porella platyphylla. Photo by Kristian
Peters, through Creative Commons.

Figure 90. Sphagnum sp., a genus known for its woundhealing properties. Photo by Janice Glime.
Figure 88. Anomodon viticulosus, a species that is more
effective at inhibiting fungal growth than is Porella platyphylla.
Photo by Hermann Schachner, through Public Domain.

Porella platyphylloidea (Figure 91-Figure 93)
In their study, Haas et al. (1978) found that the
external alkane content of Porella platyphylla (Figure 52Figure 58) was only 22.5%, whereas in the moss
Polytrichum commune (Figure 89) it was up to 44.8%.
More work needs to be done to see if this explains the more
waxy leaves of Polytrichum.
In addition to the antifungal activity, extracts of
Porella platyphylla (Figure 52-Figure 58) exhibited
antimicrobial activity against some gram-positive bacteria
(Beike et al. 2010). And they inhibited the germination of
cress seeds by 30% and lettuce seeds by 40% (Frahm et al.
2012).
Many bryophytes have demonstrated medicinal
properties. The wound healing ability of Sphagnum
(Figure 90) is well known. However, Tosun et al. (2016)
were unable to demonstrate any wound-healing potential in
Turkish populations of Porella platyphylla (Figure 52Figure 58), although other liverworts in the study did
improve healing.

The genus Porella is known for its high phenotypic
plasticity (Bischler et al. 2006).
This is further
compounded by the presence of more than one clone within
a single colony. Whereas the genetic component can differ
between cryptic species, the morphological characters often
do not. Evans (1916c) separated them by double-spiraled
elaters, but others demonstrated that these could occur in
both. And even chemical testing with IKI does not separate
Porella platyphylla (Figure 52-Figure 58) and P.
platyphylloidea (Figure 91-Figure 93), with both turning
purple (Piippo & Norris 1996). The confusing complex
that includes P. platyphylla and P. platyphylloidea is
discussed above under P. platyphylla. For this chapter, it is
probably best to think of the information as referring to
Porella platyphylla/platyphylloidea. I have kept them
separate based on the authors' and photographers'
perspectives, but at different points in time, the concepts of
these two species have changed.
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Iltis (1950) reported it from a moist side of a rock in a
stream in Virginia, USA.

Figure 91. Porella platyphylloidea, part of the complex of
cryptic species. Photo by C. Chapman, through Creative
Commons.

Distribution
Based on more recent understanding of the species,
Porella platyphylloidea (Figure 91-Figure 93) occurs from
Ontario and Quebec in eastern Canada, south to Florida,
and in western North America from British Columbia south
to New Mexico and Arizona, USA (Bakalin 2018). It also
occurs in Europe.

Figure 93. Porella platyphylloidea dry. Photo by Wayne
Lampa, through Creative Commons.

Tree bark is probably the most common habitat for
Porella platyphylloidea (Figure 94) (e.g. Burnham 1919;
Nichols 1922; Fulford 1934; Little 1936a, b; Conard 1940,
1946; Schuster & Patterson 1957; Ehrle & Coleman 1963,
1968; Vitt 1967; Gunderson 1971). But even this habitat is
frequently in wet forests. Schuster (1980) considered
Porella platyphylloidea (Figure 91-Figure 93) to be widely
distributed on bark of deciduous trees (Figure 94),
frequently as a pioneer. It occurs mostly in open woods.
Bakalin (2018) described mostly terrestrial habitats for
Porella platyphylloidea in North America, noting that these
ranged from wet to dry even on bark. Among its terrestrial
habitats, Alteri and Coleman (1965) found it on a dead
yellow birch (Betula alleghaniensis; Figure 95) log in a
swamp forest in New York, USA. Darlington (1938)
reported it as most common at the bases of trees in damp
woods in the Glen Lake area of Michigan, USA.

Figure 92. Porella platyphylloidea, a common species in
North America and Europe. Photo by KHA, through Creative
Commons.

Aquatic and Wet Habitats
Porella platyphylloidea (Figure 91-Figure 93) is
usually not a true aquatic, but it is often associated with
damp or wet habitats. It occurs in crevices or on the
surface of drier cliffs in a ravine in Connecticut, USA
(Nichols 1916). Nichols (1918) also found it on rock cliffs
associated with streams on Cape Breton Island, Canada.

Figure 94. Porella platyphylloidea on bark, the most
common substrate for this species. Photo by Jan-Peter Frahm,
with permission.
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Figure 95. Betula alleghaniensis, a substrate for Porella
platyphylloidea on a dead tree in a swamp in New York, USA.
Photo by Joseph OBrien, through Creative Commons.

Adaptations
Porella platyphylloidea (Figure 91-Figure 93) can dry
(Figure 96) and rehydrate, then begin photosynthesis and
growth again. When it dries, its leaves roll under (Figure
97), making small chambers on the ventral side (Figure 98Figure 99). We need experiments to see how this structure
affects water conservation and water absorption. I would
hypothesize that the small spaces take advantage of the
adhesion and cohesion of water to hold water droplets. At
the same time, the underleaves, lobes, and dorsal leaves
combine to reduce surface area and thus reduce the rate of
evaporation.

Figure 97. Porella platyphylloidea showing the reduction in
surface area caused by the curling of the leaves around the stem.
Photo by BKChallenge, through Creative Commons.

Figure 98. Porella platyphylloidea dry, showing leaves
rolling to the under side of the stem. Photo by Bob Klips, with
permission.

Figure 96. Porella platyphylloidea dry on a vertical
substrate, showing the wiry appearance of dry plants. Photo by
BKChallenge, through Creative Commons.

Figure 99. Porella platyphylloidea dry, showing overlapping
leaves, lobes, and underleaves on the under side. Photo by Alex
Graeff, through Creative Commons.
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Reproduction
Schuster (1980) describes Porella platyphylloidea
(Figure 91-Figure 93) as dioicous and usually fertile. The
spores are large.
It lacks any specialized asexual
reproductive structures. Thus we must assume that its
sexual reproduction is relatively successful because the
species is widespread and relatively common (whether it is
P. platyphylla or P. platyphylloidea). Nevertheless, we
cannot rule out dispersal of fragments, a feat that might be
accomplished by birds gathering nesting materials or
insects that carry very small fragments.
Biochemistry
Unlike those of Porella platyphylla (Figure 52-Figure
58), few studies have described the biochemistry of Porella
platyphylloidea (Figure 91-Figure 93), at least by this
name. Ludwiczuk et al. (2011) noted that it possessed
flavonoids that might be useful as a taxonomic tool.

Summary
I found only four species in the Porellaceae that
were associated with wet habitats. The most distinctive
aquatic representative of these is Porella pinnata
growing on cypress knees in swamps and marking a
broad high water line.
Porella cordaeana is
occasionally submerged on rocks in fast water. Porella
polyphylla is sometimes associated with intermittent
streams and streambanks. Porella platyphylloidea is
often growing epiphytically on trees in moist or wet
habitats.
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